Abstract. Rotaviruses, enterotoxigenic Escherichia coil, Salmonella, Shigella, and parasites were investigated in outpatient diarrheic children, and in hospitalized diarrheic and nondiarrheic children, between January 1976 and June 1979. In outpatient cases studied within 4 days of onset of symptoms, rotaviruses were the most common agents (45.3%); E. coil heatstable enterotoxin ranked second (13.4%); Shigella was third (8.1%); Salmonella was fourth (7.3%). In 63.2%, one or more enteric agents were detected. In hospitalized non-diarrheic children, asymptomatic shedding of pathogens was rarely observed. A later survey of outpatient diarrheic children revealed Campylobacter fetus jejuni in 8%. In 5.5 years of observation rotaviruses were endemic with excess frequency in the dry and cooler months of December and January. The excess occurrence of bacterial pathogens did not coincide with that of rotaviruses.
epidemiological data were collected from [1976] [1977] [1978] [1979] . Furthermore, a survey was made in 1980 and 1981 to identify Campylobacter fetus jejuni and rotaviruses in children of the same hospital.
MATERIALS AND METHODS
From January 1976 to June 1981, 888 diarrheic children, seen Mondays through Wednesdays as outpatients at the Emergency Ward of the National Children's Hospital, were included in the study. From 10-20 cases were studied per month. Larger numbers were studied during epidemics. Children were less than 24 months old and fecal specimens were.obtained within a few hours of registration at the hospital. Patients with dehydration were treated with intravenous electrolyte solutions during [1976] [1977] ; in 1978 oral rehydralion was prescribed in about 90% of children, and rapid intravenous therapy in the rest. Of the 888 cases, 655 were studied from January 1976 to June 1979, providing seasonal data on rotaviruses; of these, 496 children studied from January 1976 to April 1978 were also investigated for enterotoxigenic Escherichia coli (ETEC), Shigella, Salmonella and parasites. Relative frequencies were analyzed against mean rainfall, wind velocity, and humidity. The remaining 233 cases were studied from December 1980 to June 1981, only for frequency rate of rotaviruses and Campylobacter fetus jejuni. Collateral to the study of outpatients, 167 hospitalized diarrheic children less than 2 years of age, and 215 non-diarrheic controls of the same and hospital ward were studied. These children were investigated within 48 hours of hospitalization during 1976-1978 in order to assess pathogenic significance of the agents. Patients were mainly from the Intermountain Central Valley (mean elevation 1,000 meters) where 75% of the country's 2.3 million population live. Most children came from families of lower and lower-middle socioeconomic status.
Fresh feces were inoculated onto tergitol-7 with 0.04% triphenyl tetrazolium chloride,' Salmonella-Shigella and McConkey agars; suspected colonies were transferred to lysine-iron and triple sugar-iron slants; presumptive colonies of salmonellae and shigellae were identified by standard biochemical and serological technics,s using commercial antisera (Difco, BBL).
For the study of Escherichia colt heat-labile enterotoxin (LT), 10 typical colonies were pooled and cultured in 5 ml casaminoacids-yeast extract broth, shaken at 140 cycles/min in 50 ml flasks for 18 hours at 37°C; bacterial growth was treated with polymyxin B, they were shaken again for 15 min, and centrifugated at 16,000 x g at 4°C for 20 min. The supernatants were stored at -70°C until tested for LT. Initially, extracts were tested by the passive immunohemolysis test.' However, after blind comparison of 545 extracts by the passive immunohemolysis test and the enzyme-linked immunosorbent assay (ELISA)," the latter technic was chosen in view of its comparable sensitivity' and ease of operation. Thus, all extracts were tested for LT by the ELISA.
To test for E. colt heat-stable toxin (ST), preparations were made by inoculating 10 typical colonies in 10 ml of brain heart infusion broth, shaking at 120 cycles/min in 125 ml Erlenmeyer flasks for 24 hours at 37°C, and centrifugating at 1,200 x g for 30 min; the supernatants were filtered through 0.45 jxm Millipore membranes and 3 ml of filtrates were transferred to sterile vials containing 0.2 ml of sterile glycerin, and stored at -70°C. All extracts were assayed in infant mice, using per os inoculation. ' Extracts from strains H-1040 and K-12 were used as positive and negative controls, respectively, in all assays for LT and ST toxins.
For isolation of C. fetus jejuni, feces were inoculated onto Butzler's thyoglycolate agar plates containing 15% sheep blood and antibiotics;" plates were incubated in jars with GAS-PAK generators but devoid of catalyst, at 42°C for 48 hours. Presumptive isolates were examined microscopically for typical motility, and for oxidase, catalase, nitrate reduction and fermentation reactions."
For the study of rotaviruses, 10-20% fecal suspensions were prepared in brain heart infusion broth containing 0.5% bovine serum albumin; suspensions were frozen at -70°C until tested. The clarified extracts of the first year of the study (1976) were examined by transmission electron microscopy (TEM) using formvar coated grids," and the results of the technic adapted to local conditions" were compared with those obtained with the ELISA14•'s done with goat and guinea pig hyperimmune sera to human rotavirus. Since the sensitivity and ease of operation of the ELISA was superior," all specimens were assayed for rotavirus antigen by the ELISA. All presumptive positives were confirmed by blocking-tests using convalescent calf serum. "
For investigation of parasites, a direct microscopic examination of fresh feces was made by mixing fecal material with physiologic saline; coccidia were not especially investigated. For eggs and cysts, an ether-formalin concentration was performed." Occult blood was directly assessed by the benzidine reagent. A fecal smear was fixed and treated with Wright's stain for study of leukocytes, erythrocytes, macrophages, and other cellular elements.
RESULTS
In order to assess frequency rates of infectious agents, only those children examined within four days of onset of diarrhea were considered suitable. Of the 655 outpatients 345 met that restriction and were selected for the analysis (Table 1 ). In 63.2%, one or more enteric agents were detected. Rotaviruses were the most (34.5% "pure" plus 10.8% mixed infections), followed by ETEC ST (9% "pure" plus 4.4% mixed infections), by Shigella (8.1%), and Salmonella (7.3%). Double infections were found in 11% of children, with rotaviruses nearly always present.
By means of a computer program, all cases positive for only one of the five etiologies investigated, a total of 230, were separated for an analysis by age (Table 2 ). This is a larger series than the 179 cases with a single pathogen shown in Table  1 showed that 87% were infants. ETEC, Shigella and Salmonella were virtually absent in children older than 1 year, contrasting with rotaviruses which were diagnosed in about 20% in the 2nd year of life. More than 80% of "pure" rotavirus and ETEC ST cups were seen in the Emergency Ward within 4 days of onset of symptoms (Table 3) . Information on this variable was not available for three cases contained in Table 2 . One third of children with Shigella and Salmonella were brought to the hospital at a later date.
In order to establish differences in relative frequency of the agents investigated with regard to the presence or absence of diarrhea, a comparison was made of 167 hospitalized diarrheic and 215 hospitalized non-diarrheic controls (Table 4) . While asymptomatic excretion was demonstrated for all agents studied, significant differences were detected in the frequencies of pithogens in diarrheic and non-diarrheic children. In "pure specific diarrheas," that is, those with only one of the five etiologies investigated, respiratory symptoms were not found in excess in rotavirus diarrhea as compared to the others (Table  5 ). This analysis was made in 174 children out of the 179 pure diarrheas (Table 1) ; 5 cases with ETEC ST had incomplete clinical records and were excluded. Vomiting was more frequent with rotavirus and ETEC ST than with Salmonella diarrhea. About 10% of rotavirus diarrhea cases were dehydrated upon admission. Leukocytes, erythrocytes and macrophages were very common in Shigella diarrhea, but were rarely found in pure rotavirus infections. Occult blood was detected in more than 80% of shigellosis and salmonellosis.
Protozoans and nematodes were found in 4.9% of 511 outpatient diarrheic children in whom parasites could be investigated; Giardia iamblia accounted for most of these. One case each of Strongyloides stercoralis and Trichuris trichiura were found; no cases of Entamoeba histolytica were discovered.
In the 5.5 years of observation, rotaviruses constantly occurred in endemic and epidemic situations. In the cooler months (December and January) frequencies ranged between 50 and 90%. In endemic periods, rates were around 20-30%. The frequency rate of bacteria (the sum of ETEC ST and LT, Salmonella and Shigella) also showed epidemic peaks, but these generally did not coincide with those of rotavirus (Fig. 1) . When this study was started, the methodology for cultivation of Campylabacter had not been implemented in Costa Rica. In order to gauge the importance of this agent, a survey was conducted in 233 emergency ward outpatients from December 1980 through June 1981 for the presence of C. fetus jejuni and of rotaviruses. Campylobacter appeared singly or in double infections throughout the study period in 8% of the children; in June, a rainy and warm month, the frequency increased to 23% (Table 6, Fig. 1 ). In the warmer months of April through June no mixed infections with rotaviruses were seen, and the rate of Campylobacter remained high while that of rotaviruses decreased. The overall rotavirus frequency in this survey was comparable to that described earlier for the period 1976-1979.
Monthly data on rainfall, temperature (maximum, median, and minimum), wind velocity, and relative humidity were available for the Intermountain Central Valley, from which most of the diarrhea cases came. No significant correlation was observed between rotavirus frequency rates versus temperature and wind velocity during 29 months in which complete monthly data on paired variables were available. However, a significant negative correlation was obtained between frequency of rotavirus and rain precipitation (r = -0.46; P < 0.05) and between frequency of rotavirus and relative humidity (r = -0.44; P < 0.05).
DISCUSSION
Rotaviruses have been implicated as the most prominent agents of diarrheal disease, and as the main contributors to morbidity and mortality among infants and young children throughout the world. '11 In Costa Rica, rotaviruses were associ- • No "pure cases of ETEC, LT were found; Canspyiabacter, Aerornonat, and Vibrio were not investigated. t Number of positive ranee (%). ated with more than 40% of all diarrhea cases, singly or mixed with bacteria, during 5.5 years of surveillance of diarrheic children admitted to the Emergency Ward of the National Children's Hospital. The rate was similar to that obtained by others in developing countries.20 2' In Mexico, a lower frequency of rotaviruses was noted,22-24 but the rate of multiple infections was near 24% in one study; in Costa Rica, multiple infections were one half of that figure.
ETEC ST was found in 13% of all diarrheic children, but ETEC LT occurred in less than 2%. This contrasts with reports from Mexico and Bangladesh, where ETEC strains were found in 47% and 28%, respectively."' n In both populations, ST toxin-producers predominated, and many strains produced both toxins..In Costa Rican diarrheic children, virtually all isolates were ST-producers. No STILT producing strains were found, whereas 7% of Bangladeshi children shed strains producing both toxins. 2'
Salmonella and Shigella had a combined frequency of 15.4% including single and double infections, a rate in excess of that observed in Bangladesh but below the Mexican figure (5% and 26%, respectively). Due to the lability and the relatively low number of Shigella bacilli in feces, the present rate is likely to be an underestimate. Serial specimens would probably have yielded more shigellae in the Costa Rican children.
In developing nations the relative frequency of Campylobacter isolates in diarrheic children and Parasites did not appear as important agents of acute diarrhea, but they may be relevant in chronic situations. Parasitic forms are washed away during bouts of diarrhea, interfering with proper diagnosis. The present survey, however, is not conclusive with regard to parasites, as prospective analysis of field data showed that they may appear shortly before or shortly after the onset of the episode."
Significant differences were observed between hospitalized diarrheic and non-diarrheic patients regarding excretion of all five agents studied. There were few symptomless cases with bacteria and viral agents, indicating the high pathogenic potential of such agents. Infections in the non-diarrheic controls probably were of nosocomial origin. One control patient excreted both ST-and LT-producing ETEC and another was simultaneously infected with rotavirus and Skigella. This latter patient passed normal stools during his 6-day stay in the hospital. Rotavirus excretion was found in only 0.9% of control subjects, a much lower percentage than described elsewhere.$0. 34•E6 Clinical features of specific diarrheas were similar to those described by other workers.". 17. 28' 38 The rate of dehydration was relatively lower than described for poor rural children," and may be accounted for by the adequate nutritional state of the Costa Rican population1 and its greater awareness of the seriousness of the disease, which results in earlier medical attention. Except for the large number of inflammatory and red blood cells in shigellosis, symptomatology and clinical characteristics of stools were similar for all specific diarrheas.
Age distribution of "pure" single infections showed that most of them were in 3-to 8-monthold infants. It has been recognized that rotavirus in children under 6 months of age generally results in either asymptomatic or mild clinical excretion of virions, whether children are breast-fed or not. 31.32 Asymptomatic endemic infection of normal neonates has been documented in England and Australia,"•" a phenomenon seemingly independent of type of feeding and antibody titer in human milk.'1 On the other hand, infection of high risk neonates not protected by human milk has been associated with outbreaks of severe diarrhea and necrotizing enterocolitis. 34. 33 Examination of feces or rectal swabs in the first four days of the disease gave more than 80% of the total rotavirus and ETEC diagnoses, indicating the need for investigation early in the course of the disease.
Rotaviruses exhibit a seasonal variation in countries with temperate climates, with rates reaching 80 to 95% during winter months."."." In Costa Rica, frequency rates of 50-90% were seen in the cooler and dry months of November through January. 13. 38' 38 Furthermore, whereas in temperate settings rotaviruses are hardly detected during non-epidemic months, in Costa Rica, as in Venezuela and Bangladesh,"." they remained endemic throughout the study period with an overall rate of 45%. While the highest relative frequency of rotaviruses was in the dry and cooler months, no significant correlation was observed with temperature. However, a significant negative correlation between rainfall and relative humidity and rotavirus frequency rate was observed, suggesting that the dry and cool season might favor rotavirus infection. In this season Costa Ricans spend more time in the home and due to low temperatures in the Intermountain Central Valley they may use less water for personal hygiene and other purposes. The largest rotavirus outbreak was recorded in December 1976-February 1977. The year 1976 was characterized by epidemics in temperate climates.12. 36'37 The endemicity and epidemicity of rotavirus diarrhea appear to have decreased since that extensive outbreak.
With regard to control and prevention, an oral rehydration scheme has been routinely operating at the National Children's Hospital since 1978," with a reduction of more than 90% in lethality from the pre-oral rehydration Ieve1.41 The same oral rehydration scheme was successfully used to treat neonates," even when hypernatremia or hyponatremia were present. Oral rehydration sachets with instructions are distributed to about 200,000 primarily rural families each year, for home oral rehydration. 3 An emphasis in promo-tion of breast-feeding collateral with an understanding of the epidemiology of diarrheal disease, and with holistic interventions, have drastically reduced diarrhea and infant mortality in a pilot study area."."
